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We attempted to generate variation in the gut microbiota of adult butterflies with three different treatments: (1) administration of an antibiotic cocktail for the first four feedings ( "perturbed" females), (2) administration of an antibiotic cocktail for the first four feedings followed by feeding with the gut contents of a wild butterfly as a "probiotic" to recolonize the gut ("reseeded" females), or (3) no antibiotic administration nor probiotic feeding ("unaltered" females). These treatments had few effects on the butterfly microbiota, with no impact on total bacterial load or OTU richness. Furthermore, our "probiotic" treatment did not create detectable differences in gut community composition between perturbed and reseeded animals. Since these treatments occurred early in the butterflies' lives and gut flora were not sampled until after death (often over a week later), it is possible that reseeding had a transient effect on microbial composition which we were unable to detect. However, it seems equally likely that microbes introduced to the gut via reseeding simply failed to colonize. Use of a more concentrated inoculum (for example, a broth culture of a wild butterfly's gut contents) may have been more successful, though culturing would likely bias the abundances and identities of the microbial species in the inoculum.
Unaltered females' gut flora did differ in composition from the perturbed and reseeded females. This difference was driven by six unaltered females that clustered separately from the other experimental females and tended to more closely resemble wild donor butterflies (Figure 3b; Figures S5a and S5c, Supporting Information) . This pattern may be the result of antibiotic treatment applied to variable initial microbial communities: the six unaltered females with different gut flora likely hosted bacterial taxa which were sensitive to the antibiotic cocktail and were therefore eliminated from perturbed or reseeded animals. The five unaltered females that clustered with the antibiotic-treated females may have never acquired, or naturally lost, sensitive taxa.
Antibiotics must be used with caution in microbiome studies because there is a possibility that the antibiotics themselves (rather than their effects on the microbiota) could directly suppress host fitness. In our study, butterflies exposed to antibiotics did not differ from unexposed butterflies in the amount of food eaten, lifespan, fecundity, egg weight, or egg glycogen content, suggesting that antibiotics have no effect on these aspects of butterfly fitness.
However, eggs laid by butterflies exposed to antibiotics (perturbed or reseeded animals) contained more triglycerides when the insects were fed ad lib than when they were semi-starved;
in contrast, well-fed butterflies which were not exposed to antibiotics laid eggs containing less triglyceride compared to the unexposed, semi-starved butterflies. Since most insect eggs exhibit little or no de novo fatty acid synthetic activity, these differences in triglyceride content are indicative of antibiotic-driven differences in nutrient mobilization and/or allocation to eggs by the females. Such differences in triglyceride content could also impact fitness of F1 progeny by, for example, impacting egg viability or the survival of first instars through the overwintering stage. It is possible that the differences in triglycerides were caused by differences in gut microbial composition, however the fact that neither total bacterial load nor the abundance of any focal OTU was related to egg triglyceride content suggests that this was a direct effect of the antibiotics on the butterflies. Direct effects of antibiotic treatment on host fitness-and how food availability to the host modulates these effects-merit future study, especially because antibiotics are frequently used both to control disease in laboratory colonies of insects and to generate different treatment groups in microbiome studies. To test power, data were simulated with the coefficient for the relevant term (food availability by bacterial load) set to this effect size. In the case of food consumption we tested the main effect of bacterial load, since this metric only applied to ad lib fed animals. ‡ The percentage of simulations (out of 1000) in which the effect was detected as significant. § The coefficient and p-value of the relevant term in the actual models (run on real data). Food availability did not modify the relationship between bacterial load and any of the measured metrics.
Table S4. Top 20 most abundant OTUs in the experimental females
The taxonomic identities of the 20 OTUs at highest mean abundance across all experimental females after rarefaction to 1000 reads per sample. "Samples" is the number of females (out of a possible total of 63) that the OTU was found in. "Mean % reads" and "SD % reads" are an OTU's mean percentage of reads per individual and its standard deviation. Taxonomy was assigned by the RDP classifier, except as otherwise noted. The final column indicates whether an OTU was present detected in the donor animals (after rarefaction). Most of these were also focal OTUs (see Table 3 in the main text) but the four bolded OTUs were excluded from because they were not observed either they were not present in enough females, or they were not present at high enough average abundance per female. The taxonomic identities of the 20 OTUs at highest mean abundance across all the donors after rarefaction to 1000 reads per sample. Donors were wild butterflies whose gut contents were fed to females in the reseeded gut treatment in order to repopulate the females' guts after a course of antibiotics. "Samples" is the number of donors (out of a possible total of 21) that the OTU was found in. Columns are defined as in Table S1 . Taxonomy was assigned by the RDP classifier, except as otherwise noted. Focal OTUs are marked in bold. 
Genus

OTU_58
Rhodococcus freshwater lake, zebrafish intestine MK182858.1, MK178503.1 Pond water at the field site. This genus also includes a known beneficial symbiont of the kissing bug and has been cultured from the gut of larval lepidopterans. OTU_112 Methylobacterium pollen, soil MH813351.1, MF010305.1 Soil and pollen at the field site.
OTU_15
Caulobacter PCR reagent contamination, wetland KR611611.1, KC432304.1 Caution advised. Possible PCR reagent contaminant, but could also originate from pond water at the field site.
OTU_83
Pedobacter soil, root nodule MK183023.1, MH319961.1 Soil and plants at the field site.
OTU_2544 Stenotrophomonas soil, rain water MH930089.1, KY878863.1 Soil or rain water at the field site. Table S8 . Statistical power to detect significant interactions between food availability and absolute OTU abundances
Tested effect sizes equaled 20% of one standard deviation of the performance or fitness metric, as in Table S3 . To test power, data were simulated with the coefficient for the interaction of food availability and OTU absolute abundance set to this effect size. Values are the percentage of simulations (out of 100) in which the effect was detected as significant. Powers below 80% are highlighted in yellow, power below 70% are highlighted in orange, and powers below 60% are highlighted in red. Table S9 . Statistical power to detect significant relationships between absolute OTU abundance and butterfly performance or fitness
Tested effect sizes equaled 20% of one standard deviation of the performance or fitness metric, as in Table S3 . To test power, data were simulated with the coefficient for OTU absolute abundance set to this effect size. Values are the percentage of simulations (out of 100) in which the effect was detected as significant. Powers below 80% are highlighted in yellow, power below 70% are highlighted in orange, and powers below 60% are highlighted in red. Each line represents one butterfly. Lines are arbitrarily colored to facilitate viewing. Per-sample relative abundance of each OTU was consistent at rarefaction depths above 300 reads.
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The vast majority of OTU diversity was retained after rarefaction to 1000 reads. Coverages were calculated using the Coverage function in the R package "entropart." Good's coverage was greater than 94% for all females; median coverage was 98.5%. NMDS plots visualizing the dissimilarities between the feeding treatments; donors are included for comparison in plots (a) and (c). Ordinations of both the abundance-weighted Unifrac distances between samples (a, b) and Bray-Curtis dissimilarities (c, d) are presented. Results were qualitatively equivalent for both distance metrics. Figure S7 . OTUs that were differentially detected in donors versus experimental females Nineteen OTUs were differentially detected in donors versus the experimental females. P-values derive from a binomial GLM model that predicts an OTU's presence or absence in a butterfly after rarefaction to 1000 reads based on butterfly type (donor or mother). Pvalues have been FDR corrected for 519 tests (all OTUs in the dataset). Points denote the model-estimated probability of an OTU's presence in a group of butterflies. Lines indicate model-estimated standard error. Focal OTUs are highlighted in red. 
